Changes induced by cold treatment in young rapeseed (Brassica napus) seedlings were investigated at the molecular level. Following germination at 18°C for 48 hours, one half of the seedlings was transferred to 0°C for another 48 hour period, the other half being kept at 18°C as a control. Newly synthesized proteins were labeled for the last 6 hours of incubation with I35Simethionine. The different polypeptides were separated by twodimensional electrophoresis in polyacrylamide gels. Newly synthesized proteins were revealed by fluorography. Protein synthesis clearly continues at 0°C and some polypeptides preferentially accumulate at this temperature. On the other hand, synthesis of several others is repressed while many are insensitive to cold treatment. Similar changes are also observed when mRNA is prepared from cold treated seedlings, translated in vitro in a reticulocyte cell free system and compared with the products of mRNA extracted from control samples. Among the genes which are repressed we identified the small subunit of ribulose 1,6-bisphosphate carboxylase. These changes are also detectable after shorter treatments.
. Various biochemical responses of plants to low, nonfreezing temperatures have been widely documented and reviewed recently (6) . They involve changes in protein content and enzyme activities (2, 3, 7, 14, 20) , metabolic modifications and changes in lipid composition and membrane structure (21, 24, 25) . Until recently (8) , the effects of low temperatures on gene expression have not been analyzed in detail and in most situations it is not clear whether the changes in protein content and enzyme activity result from inactivation or activation of preexisting enzymes, from changes in mRNA abundance or translation efficiency, or from other mechanism. As a first step in understanding regulation of gene expression in response to a cold stress, we have investigated in vivo and in vitro protein synthesis in young rapeseed seedlings after 48 h exposure to nonchilling temperature. This species has been chosen as a model because it is very convenient to handle in a laboratory environment and because it is an important crop in many countries with temperate or cold climates. Preliminary results have indicated that this plant can adapt to freezing conditions during exposure to nonchilling temperature (9, 24) and that varieties with improved germination at low temperature can be selected (1) . In addition, winter and spring cultivars are available so that it should be possible to observe various degrees of cold tolerance. This report deals with cultivar Jet Neuf, a chilling-resistant winter variety.
Our results provide clear evidence that the apparent synthesis of specific polypeptides is increased by the cold treatment whereas that of others is repressed. were purchased from Amersham Ltd (U.K.) and used as previously described (13) . Tobacco mosaic virus RNA was used as a control of the activity of the cell-free system. Translation products were analyzed by PAGE using one-dimensional and twodimensional gels.
MATERIALS AND METHODS
The precursor for the small subunit of rubisco5 was identified by immunoprecipitation with an antibody against radish rubisco small subunit. The antibody was prepared, characterized, and given to us by P. Fourcroy (5) . It was used according to published methods (16) .
Gel Electrophoresis. To separate proteins in one dimension, the SDS-polyacrylamide gel system (12) was employed using 12.5% slab gels. For two-dimensional separations we used the O'Farrell system (17, 18) . The first dimension was a nonequilibrium pH gradient electrophoresis run in cylindrical polyacrylamide gels containing Pharmacia ampholytes (pH 3.5-10). The sample was loaded at the acid end. After migration, the gel was equilibrated in second dimension sample buffer and placed on top of a classical 12.5% SDS-polyacrylamide slab gel (12) .
The two-dimensional gels were fluorographed as already described (13) . To be able to compare autoradiograms we loaded equal amounts of radioactivity on the gels and several gels with different samples were run at the same time in identical tanks. In addition, size markers were included in the second dimension gel, and several spots which coincide from one experiment to another were used as internal standards.
RESULTS
General Changes Induced by Cold Treatment. Before investigating changes at the level of induction or repression of specific genes we examined various growth parameters. This section is a summary of these preliminary observations.
The most striking effect of cold treatment is a considerable slowing of elongation of the hypocotyl. In the dark at Figures 1 and 2 (spots 2, 6-10). Several other spots cannot be identified at this stage of the experiment and they have been labeled by an arrow or a triangle without a number. These spots might correspond to mRNAs for precursor proteins which are processed in vivo, to mRNAs which are not The relationship between changes in gene expression and adaptation is illustrated by our observation that the amount of mRNA for rubisco small subunit is decreased after a cold treatment. Indeed this gene seems to be very sensitive to many environmental changes since synthesis of this protein is reduced immediately after osmotic or heat shock (26, 27) . Therefore, this change does not seem to be specific. Another approach to elucidate this problem would be to establish a correlation between changes in the synthesis of a given protein in different cultivars and their various degrees of cold tolerance. Preliminary results obtained with a spring rapeseed suggest that this approach might be feasible. Several strategies might be used to identify the polypeptides whose synthesis is affected. Several enzymes have been reported to undergo activity changes during cold treatment (2, 6, 7, 14, 20) . They are likely candidates as polypeptides with altered synthesis. Some of them have been purified and antibodies and cloned probes will be soon available. They can be recognized in the same way we identified rubisco small subunit. A further step is the construction of a cDNA library and isolation of clones corresponding to genes which are activated or repressed. Work is now in progress to screen such a library.
